This work presents the application of a simple and sensitive method developed for the simultaneous analysis of the levels of twenty two underivatizated free L-amino acids in plasma samples of preeclampsia patients by high performance liquid chromatography coupled to high-resolution mass spectrometer (LC-HRMS) using hydrophilic interaction liquid chromatography (HILIC) silica column. , respectively. The results of the investigation of free L-amino acids showed that the levels of GABA, Arg, Ser, Leu, Ile, Met, Val, Ala, Gly, Bet, His and Lys in plasma of patients with preeclampsia were significantly different from healthy patients.
Introduction
The direct analyses of free amino acids (AA) is very important in metabolomics studies and have been an important implement of search for understanding, diagnostic and treatment of various disease. [1] [2] [3] [4] [5] [6] [7] Amino acids are important metabolites for various metabolic pathways, contributing for several biochemical reactions that involves a wide metabolic network within living cell. Therefore, amino acids play an important role in connecting the diverse metabolic pathways since changing the level of one amino acid in response to environmental transformation and/or genetic variation originates disruptions in the levels of several other amino acids. 8 Various analytical methods were described in the literature for the determination of free amino acids in biological samples such as serum, 9 plasma, 1,10-14 sweat, 15 saliva, 5, 16, 17 tissue 18 or urine. 7 Chromatography methods as LC-HRMS (liquid chromatography-high resolution mass spectrometry) and GC-MS (gas chromatography mass spectrometry) are more frequently used due to their high sensitivity and selectivity. [16] [17] [18] [19] [20] GC-MS presents higher sensitivity but free amino acids should be derivatizated before analysis. 19, 20 On the other hand, LC-MS (liquid chromatography mass spectrometry) is suitable for amino acids analysis due to better compatibility and application to bioassays involving high polar compounds, greater simplicity in sample preparation procedure without derivatization steps and shorter analysis time. 13 Besides this, LC-HRMS presents high selectivity and sensitivity, therefore high capacity to identify and detect coelutions not resolved by chromatography. Recently, Cocuron et al. 21 proposed a high sensitivity method to analyze amino acids by LC-MS method, nevertheless the proposed method can analyze only 19 AAs. The use of hydrophilic interaction liquid chromatography (HILIC) to amino acid analysis is growing up because it is efficient to separate very polar analytes quickly. [22] [23] [24] This work presents the development of a simple and sensitive method for the analysis of twenty two underivatizated free L-amino acids using hydrophilic interaction through liquid chromatography coupled to a high-resolution ion trap and time-of-flight mass spectrometry (LC-HRMS-IT-TOF). This method was successfully applied to investigate the levels of free L-amino acids in plasma sample of humans' patients with preeclampsia.
Experimental

Chemicals and reagents
Amino acids of high-purity
L-lysine (Lys) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile (HPLC grade) and formic acid 88% were purchased from J. T. Baker (Xalostoc, Edo do México, Mexico). Ultra-pure water was purified with a Purelab Classic from Elga (Woodridge, Illinois, USA). Other chemicals were of analytical grade.
Solutions preparation
Standard stock solutions of amino acids in water were prepared at 1161. 4 Brazil, all plasma samples were prepared using methanol iced to precipitate proteins. 100 μL of plasma sample was transferred to the vial and 900.0 μL of methanol at -10 °C were added. The mixture was centrifuged at 10,000 rpm for 10 min at room temperature. 100 μL of supernatant was transferred to Eppendorf tube for solvent evaporation at dryness under nitrogen. The solid was redissolved in 200.0 μL of ACN:water (90:10, v/v) with 0.1% formic acid and analyzed by LC-HRMS.
Instrumental analysis
All analysis were performed on a high performance liquid chromatography (HPLC) Promidence 20AC equipped with a system controller CBM-20A, an autosampler SIL-30AC, a binary solvent system LC-20AD, and a column heater CTO-20AC from Shimadzu Corp. (Tokyo, Japan). Chromatographic separation was performed with a HILIC silica column (2.1 × 150 mm, 3.0 μm particle size) and an Atlantis HILIC silica precolumn (2.1 × 10 mm × 3 μm), both from Waters Corp. . The mobile phase used was a binary system of 0.1% formic acid aqueous solution (A) and acetonitrile containing 0.1% formic acid (B). The gradient elution started with 15% A, rinsing to 60% A in 13.0 min, which was then held for 2.0 min, then reduced to 15% in 15.5 min, and held for 4.5 min. The HRMS was an hybrid IT-TOF from Shimadzu Corp. (Tokyo, Japan) with mass accuracy (< 5 ppm) equipped with an electrospray ionization (ESI) source operating in positive mode under the conditions: N 2 nebulizing gas flow of 1.5 L min -1 ; curved desorption line (CDL) interface temperature of 250 °C; detector voltage 2.00 kV; drying gas pressure of 114 kPa; octopole ion accumulation time of 100 ms; detection of the protonated ions [M + H] + was carried out in m/z range of 60-250 with an resolution power over 10,000.
Method performance
The limit of detection (LOD) and limit of quantification (LOQ) were calculated according to Eurachem Guide. 25 Ten replicates of solutions without amino acids in conditions identical of working standard solutions were analyzed. The intra-day precision was studied analyzing on the same day three concentration levels (low, medium, and high) in replicates (n = 7) for each concentration level. The inter-day precision was performed analyzing on three different days three concentration levels in replicates (n = 7) for each concentration level.
Statistical analysis
Statistical analyses were performed by one-way analysis of variance (ANOVA) and Tukey test was achieved by Origin version 8.0. 26 Values of p < 0.05 were considered statistically significant in all statistical studies.
Results and Discussion
Optimization of chromatographic and mass spectrometric conditions . Positive ionization mode increased the method sensitivity. The HILIC silica column increased separation efficiency of amino acids that are quite polar analytes. 23, 24 Furthermore, the gradual increase of the mobile phase polarity provides analytes protonation. Table 1 shows mass spectrometer data for the amino acids obtained by the optimized method. Table 2 shows the figure of merits of optimized method. The proximity of the experimental measurement to the true value (exact mass) of protoned amino acid ions shows error lower than 5 ppm. The calibration curves were linear in the range of 0.009 to 8.018 μmol L 
Statistical analysis
The optimized method was applied to analyze plasma samples of preeclampsia (n = 14) patients and healthy controls (n = 10) groups, which results are shown in Table 3 . All mean concentrations ( Figure 3) were above LOQs. ANOVA followed by Tukey test were applied to the discrimination of the levels of amino acids of plasma from preeclampsia and healthy controls. The results from this test indicated that the difference between means is significant (p-value < 0.05) for GABA, Arg, Ser, Leu, Ile, Met, Val, Ala, Gly, Bet, His and Lys, suggesting these AAs as potential biomarkers. The differences in levels of twelve amino acids discriminated by Tukey test in two groups (preeclampsia and controls) can be visualized in the box plot ( Figure 4 ).
Preeclampsia analyses
The method we developed for the simultaneous analysis of 22 underivatized amino acids in blood plasma using LC-HRMS was applied in analysis of amino acid levels in blood plasma samples from patients with preeclampsia. Preeclampsia, also known as hypertensive pregnancy disease, is a dangerous complication of pregnancy, characterized by high blood pressure and the presence of protein in the urine that appears after the 20 th week of gestation. Although metabolic studies have already been conducted using advanced technologies, [27] [28] [29] [30] [31] [32] [33] [34] the metabolic profile of patients with preeclampsia and biomarkers of the disease have not yet been elucidated for early identification of the disease and understanding of its pathogenesis. In this work a small contribution is made in metabolomics studies to identify possible biomarkers of preeclampsia. Through the statistical analysis of the results of the amino acid levels found in plasma samples from patients with preeclampsia, it was found that 12 of the 22 amino acids studied showed significant changes when compared to the amino acids levels analyzed in the control samples of healthy patients. These result revealed that the levels of GABA, Arg, Ser, Leu, Ile, Met, Val, Ala, Gly, Bet, His and Lys were significantly lower in the group of preeclampsia compared to the control group of healthy patients.
Conclusions
An LC-HRMS optimized method to analyze twenty-two underivatizated L-amino acids was developed. This method showed good linearity, repeatability, reproducibility, and low limits of detection and quantification. It was successfully applied to the determination of L-amino acids in plasma samples of patients with preeclampsia and healthy controls. The amino acids levels of GABA, Arg, Ser, Leu, Ile, Met, Val, Ala, Gly, Bet, His and Lys presented significant differences between the samples of patients with preeclampsia and healthy controls. Therefore this study offers a tool to improve the understanding of preeclampsia.
